infected cases (5) and constituted a uniquely high-risk population. In such circumstances, a range of psychological health problems can be anticipated but have yet to be formally evaluated. We therefore conducted a prospective study of SARS patients and healthy control subjects to quantify stress levels and characterize psychological problems attendant on SARS. We postulated that stress levels or psychological effects encountered would be related to perceptions about risk of infection. We offered follow-up on request, and with future outbreaks still possible (2,6), we believe this study forms a basis to plan intervention as necessary.
Methods
The study was approved by the institutional review boards of the participating hospitals. We developed a brief, confidential, self-administered questionnaire containing the Perceived Stress Scale-10 (PSS-10; 7), which is well validated in community norms to determine stress levels over 1 month. In addition, respondents could indicate any psychological effects they experienced on a list of items commonly raised in thorough group discussion and in consultation with clinicians caring for SARS patients. Items were determined to be positive (40%) or negative (60%) according to group consensus. At the end of the questionnaire, the subjects were given the option of leaving their contact details if they wished to be contacted in confidence for assistance from a mental health professional.
First, we pilot-tested the questionnaire (available on request) in 120 subjects (specifically, HCWs and patients from the Department of Psychiatry) and obtained an 88% successful return rate (8) . Healthy control subjects were also recruited from the general community; these subjects were in apparent good health, lacked any health care education or experience, and had no contact with SARS patients or suspected SARS patients. After the pilot test, we invited patients diagnosed with SARS to complete the questionnaire. Patients were recruited from 2 major hospitals with SARS isolation wards. The first hospital was in the catchment area of Amoy Gardens, a residential complex that produced an outbreak of over 300 infected cases (9) ; the second was a teaching hospital that received any cases diverted from all other hospitals at full capacity.
The diagnosis of SARS was made if a person had fever equal to or greater than 38°C, with one or more symptoms of lower respiratory tract illness and radiographic evidence of lung infiltrates consistent with pneumonia or respiratory distress syndrome, providing that no alternative diagnosis could explain the illness (6) . In the Hong Kong outbreak, the vast majority of patients initially presented with fever equal to or greater than 38°C for over 24 hours, with over one-half also complaining of nonproductive cough, dyspnea, malaise, and headache (10,11). Dyspnea usually occurred 3 to 7 days after fever began, with crackles and dullness on percussion. Daily chest radiograph showed progression of lower lobe pulmonary consolidation. Lymphopenia was common, along with slightly elevated aspartate aminotransferase (AST) or alanine aminotransferase (ALT) that was present in 40% to 60% of patients. If the patients did not respond to high-dosage, broad-spectrum antibiotic therapy, combination treatment with steroids and ribavirin was administered (11) . Stringent precautions were adopted when handling questionnaires from subjects on the SARS isolation wards, including scrutiny for contamination, hand-washing after use, and 72-hour quarantine of questionnaires before data entry. Data were collected from 11 April to 19 May 2003, during the peak of SARS hospital admissions in Hong Kong (12) . Power analysis (Instat Graphpad; 13) for a sample size of 70 per group had 95% power to detect a 10% difference at a significance level of P < 0.01.
Statistical Analysis
Group comparisons on nominal variables were analyzed by chi-square test, ordinal variables by Mann-Whitney tests, and interval variables by t tests. Bonferroni correction was made for multiple comparisons. We used 2-way analysis of variance (ANOVA) to compare groups on their direction (that is, negative vs positive) regarding the outbreak's psychological impact. Spearman's rho was computed for correlation between stress and perceived risk of infection.
Results
A total of 280 questionnaires were returned, of which 224 yielded valid data, constituting an 80% return rate; 20% of the questionnaires were invalid for reasons such as failure to complete 40% or more of the questions or unclear group membership. Our final sample comprised 79 SARS patients and 145 healthy control subjects, all of whom were Hong Kong residents. The 2 groups were equally balanced for age, sex, educational level, and living circumstances ( Table 1) . Of the SARS patients, 39% (n = 30) were HCWs, mainly female nurses from internal medicine.
Stress Levels
Both groups reported increased stress, with SARS patients being significantly more affected (Perceived Stress Scale [PSS] score = 20) than healthy control subjects (PSS score = 18, Mann-Whitney U = 4604, P < 0.04, 2-tailed). These scores are higher than the established community norm of 12 (7) . In the SARS patient group, stress levels for HCWs (n = 30) and non-HCWs (n = 49) were not statistically different (Mann-Whitney U = 685.5, P > 0.8).
Psychological Effects of the Outbreak
A range of psychological effects were reported, with 90% of respondents stating that these were attributable to the outbreak rather than to other major events. These effects were considered common if experienced by a majority (> 50%) of subjects. For completeness, we also report effects in a sizeable minority (> 20%). For the sake of brevity, we do not report experiences recorded by fewer than 20% of subjects.
Positive Psychological Effects. These were reported by most healthy control subjects (88%, n = 127) and patients (90%, n = 71). Most healthy control subjects and patients reported awareness of hygiene, focus on current affairs, and awareness of physical state. A sizeable minority (> 20%) of healthy control subjects and patients shared civic-mindedness, caring for others, being fortunate, and willing to help. Patients also reported being united, and healthy control subjects reported being aware of danger.
Negative Psychological Effects. These were fewer in healthy control subjects (68%, n = 99) than in patients (91%, n = 72). The single most common response among both healthy control subjects and patients was worry about health. In addition to this, most patients were fatigued. More than 20% of healthy control subjects and patients shared worry about finances or had fear of social contact. The patients also disclosed numerous additional problems, including poor sleep, weepiness, loneliness, boredom, poor concentration, depressed mood, nightmares, and impaired judgement.
Taken as a whole, total positive psychological effects significantly outnumbered total negative ones (F 1,220 = 63.8, P < 0.0005; for significant effect of direction of response, see Figure 1) . Patients who were HCWs (39%, n = 30) had significantly more positive (t 75 = 3.6, P = 0.001, Bonferroni corrected), as well as negative (t 75 = 2.1, P < 0.04), psychological effects, compared with other patients (61%, n = 49). Increased stress significantly correlated with more negative psychological effects in both patients (ñ = 0.4, P < 0.005) and healthy control subjects (ñ = 0.3, P < 0.0005). Increased stress significantly correlated with increased age for healthy control subjects only (Spearman's rho 0.33, P < 0.005, Bonferroni corrected) but not with educational level for either group.
Perceptions of Risk
We asked subjects to evaluate what they perceived as their overall risk of SARS, that is, risk of infection by SARS, of dying from SARS, or of contracting SARS from a doctor or nurse. Both groups reported moderate-to-high perceived risk. In addition, subjects were asked to choose from 15 statements suggesting how infection was very likely transmitted. Most patients and healthy control subjects selected 8 routes (in decreasing order of frequency): droplets (97%), saliva (87%), phlegm (81%), nasal mucus (79%), kissing or hugging (70%), excreted waste (69%), public objects (58%), and sharing food (57%). Less frequently selected were shaking hands (45%), sharing clothes (38%), sharing home (38%), sharing bathroom (38%), sweat (32%), air (28%), and animals (22%).
Follow-Up of SARS Patients
At their request, 20 SARS patients were contacted by telephone by a senior clinical psychologist. In these cases, preliminary observations are worrying. They appear to fall into 2 main groups: those reporting no problem and those with residual problems. Individuals who report no problem are not, however, without symptoms. Rather, they need to be reminded of their residual symptoms and report being more easily tired and having various aches and pains only after being specifically asked. In response to an open-ended question such as "How have you been lately?" they say that they have been pretty well. Conversely, patients who report residual problems experience a multitude of deficits every day; these may be social, emotional, cognitive, physical, or occupational. Their problems are manifest, not so much in the form of obvious psychiatric disabilities as in the form of subclinical distress and an obviously reduced quality of life. It is still unclear what proportion of these patients suffer from undetected psychiatric disorder, and our follow-up continues so that formal assessment and treatment can be arranged, if required.
Discussion

Stress and Psychological Responses to SARS
Stress levels were high in both groups and greatly exceeded the normative community score of 12 on the PSS scale, which is well-validated for healthy as well as stressed populations (7) . For SARS patients, several reasons could explain this, including their having contracted a new and highly infectious disorder; uncertainty about the efficacy of treatment; negative media reports; being in quarantine for at least 21 days in isolation wards and lacking the solace of visitors; physical deterioration; apprehension that they might have unknowingly transmitted the virus, especially to loved ones; and high mortality rate. Pulmonary salvage using high-dosage steroids is known to cause adverse reactions such as mood fluctuation and (or) cognitive distortion. Stress levels were not related to educational level, indicating that all sectors of the community were adversely affected. However, stress levels were significantly positively correlated with age in healthy control subjects, suggesting that older healthy subjects were cognisant of poorer prognosis if infected. We did not observe the effect of age in our sample of patients, and this may be because they enjoyed relatively good prognosis: their capacity to complete a research questionnaire attested to the fact that they were less severely ill or were responding to treatment.
Given the challenging circumstances, it was unsurprising that patients had a high number of negative psychological responses. This correlated with stress levels, which suggests that both were measuring the adverse impact of similar psychological dimensions on the individual. Worry, poor sleep, poor concentration, and nightmares implicate adjustment and acute stress disorders. Patients also complained of loneliness and boredom, likely related to prolonged quarantine. Over 20% of patients had depressed mood, weepiness, fear of social contact, and fatigue, which may indicate risk of depressive disorder or postviral fatigue syndrome. Thus, discharged patients require vigilance after they return to the community, in case they suffer psychiatric decompensation. Our findings can facilitate detection, assessment, and monitoring of psychological problems. An integral feature of our questionnaire was that it allowed respondents to specifically request psychological intervention.
Positive psychological responses were also reported by most subjects in terms of awareness about hygiene, physical state, and current affairs. In addition, at least 1 in 4 subjects expressed a sense of caring for others, being fortunate, and being civic-minded. SARS patients also reported feeling united, compared with healthy subjects, possibly because they had overcome a common grave threat. For both groups, total positive psychological responses significantly exceeded negative ones. This was counterintuitive, because our questionnaire contained an excess of negative psychological responses (60%), compared with positive ones (40%); therefore, our finding cannot be attributed to design artifact. We listed psychological responses randomly according to consensus reached after thorough discussion by all group members, including clinicians caring for SARS patients.
We were limited practically in the amount of data that we could collect, because we had to minimize the risk of crossinfection from patients to research personnel. For example, the questionnaire had to be brief and self-administered, because patients tired easily and were in isolation wards. We guaranteed confidentiality to yield as high a return rate as possible, and this helped to allay patients' concerns about possible stigmatization. Our principal aim was to describe accurately the range of experiences encountered by those most proximate to the outbreak at the height of hospital admissions in Hong Kong. We did not formally evaluate the psychometric properties of psychological responses to the outbreak, because the questionnaire was brief and the outbreak was soon brought under control after emergency mass quarantine measures took effect.
Infected HCWs
This group comprised a substantial 39% of the SARS patients in our study and so merits closer examination. The high percentage of infected HCWs in our sample was nearly double the overall rate of 22% in Hong Kong (14) . Compared with non-HCWs, they were exposed to an increased burden of stress as a result of working in a hospital environment and perhaps being deployed from other specialties. Further, many had looked after patients from the Amoy Gardens outbreak, which alone produced over 300 confirmed SARS cases leading to in excess of 40 deaths. It was not surprising that they had the most negative psychological responses of any group. However, it was salutary to note that, despite such adversity, HCW patients also reported significantly greater adaptive or positive psychological responses than did non-HCW patients, which may explain their similar stress scores. When 8 HCWs died, an image of stalwart heroism or sacrifice was conferred on HCWs by the media and community, who collected protective equipment, oranges, vitamins, and nourishing tonic drinks and consigned them into hospital battle zones. Lacking confidence in infection-control measures correlated with stress and negative psychological effects. Our data do not reveal whether such lack of confidence predated or postdated HCWs' infected status, but this group may need further attention as they return to work and normal life. Recovered HCWs comprise 25% of the 20 patients requesting psychological assistance, and preliminary observations suggest that further support is needed in the postrecovery phase.
Future Directions
Public health education is needed to allay undue fears, which can be rapidly fuelled by the mass media. For example, even healthy subjects judged their risk from SARS to be moderately high, and most people listed more than 8 routes as very likely to transmit SARS. Further, perhaps infected HCWs who lacked confidence in infection control can be offered further infection-control training and stress management as they resume work. For recovered patients, functional recovery definitely lags behind recovery from SARS and raises the possibility of a range of major psychiatric sequelae such as adjustment or stress-related disorders and depression.
Conclusion
Our principal observation was of high stress levels with both positive and negative responses to the outbreak. The positive effects of stress are best exemplified by infected HCW patients. This group reported the most negative and positive responses, which shows their resilience in the face of high adversity. We also noted that public education about SARS could alleviate the concern reported by most subjects, who appeared to perceive the risk and transmissibility of SARS to be unduly high. There is also preliminary evidence suggesting that patients have difficulties in resuming normal daily living after discharge and that they may be at risk of psychiatric sequelae such as stress-related, depressive, and anxiety disorders. For HCWs, access to appropriate psychological assistance is important, because the risk of future global outbreaks remains real. Résultats : Le stress était significativement plus élevé chez les patients du SRAS que chez les sujets témoins en santé. Il y avait une corrélation significative entre le stress et les effets psychologiques négatifs. Chez les patients du SRAS, 39 % (n = 30) étaient des fournisseurs de soins de santé infectés; ces personnes déclaraient significativement plus de fatigue et de soucis à propos de leur santé que les autres patients. Parmi les patients, 25 % (n = 20) ont demandé un suivi psychologique.
Résumé
Conclusions :
Le stress général et les effets psychologiques négatifs sont accentués chez les patients du SRAS, en particulier parmi les fournisseurs de soins de santé infectés. Cela peut augmenter le risque de troubles de l'humeur ou de troubles liés au stress. La déficience fonctionnelle est apparente dans la phase d'après-rétablissement.
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